Nearly a fifth of maternal deaths in the United States are a result of hypertensive disorders during pregnancy (HDP). 1 HDP are categorized into 4 groups: chronic hypertension, preeclampsia and eclampsia, preeclampsia superimposed on chronic hypertension, and gestational hypertension. 2 HDP affects approximately 5%-10% of all pregnancies and is one of the leading causes of maternal mortality. [3] [4] [5] Further, the disorder is associated with fetal morbidity and the precursor to a fifth of all preterm births. 6 Women diagnosed with HDP or gestational hypertension are at greater risk of developing preeclampsia, which is a severe form of the disorder. In fact, nearly 1 in 5 women with gestational hypertension develop preeclampsia. 7 According to the American College of Obstetrics and Gynecology (ACOG), preeclampsia is defined as "a syndrome that chiefly includes the development of new-onset hypertension in the second half of pregnancy." 8 The disorder affects 2%-8% of pregnancies and, if left untreated, can develop into eclampsia which is a more serious condition associated with seizures and multiple organ system hypoperfusion. 3, 4, 8 HDP has been associated with chronic hypertension, maternal age, multiple births, 9 and diabetes. 10 In recent years, the relationship between obesity and HDP has received attention in the United States and other developed nations. This was partly due to the increasing trend of maternal prepregnancy weight over the past 20 years. 11, 12 Concerns over the growing rate of maternal obesity and its associated poor health outcomes led the Institute of Medicine (IOM) to develop the 2009 guidelines focusing on 2 major changes. First, they incorporated body mass index (BMI) categories based on the World Health Organization's (WHO) definitions. Second, they created a more narrow range of recommended weight gain based on pre-pregnancy weight. 11 Although a number of studies examined the association between obesity and HDP, there are limited studies that have 
assessed the interrelationship between pre-pregnancy weight and weight gain during pregnancy as it relates to HDP. [13] [14] [15] [16] Extant literature has focused primarily on obesity and HDP. 10, 14, 17, 18 Morbid obesity has been positively associated with late-onset preeclampsia. 14 Similarly, the risk of preeclampsia has been observed to double for women with a BMI of 26, and triple at a BMI of 30 when compared to a normal BMI of 21. 18 Although findings have been consistent, these studies are based on self-reported data 13, 14, 18 and are limited by small sample sizes 13, 14, 18, 19 that lack generalizability to diverse populations. 10, 17, 19 In addition, existing literature focuses on the relationship between obesity and HDP, but the role of gestational weight gain in this relationship is less understood. Previous studies suggest that a relationship between excessive weight gain during pregnancy and an increased risk of HDP exists, regardless of pre-pregnancy BMI. [13] [14] [15] [16] However, most of these studies have insufficient sample size 13, 14, 16 and are not generalizable to diverse populations 16 because of racial and ethnic homogeneity and small numbers. Further, conflicting results exist; for example, a 2013 prospective cohort study reported that gestational weight gain was not associated with preeclampsia. 19 Another cohort study evaluated the effect of BMI and gestational weight gain on preeclampsia and transient hypertension. 20 While the risk of transient hypertension was increased among women in the highest quartile of gestational weight gain, higher than expected gestational weight gain did not increase the risk of preeclampsia. The interaction between pre-pregnancy BMI and gestational weight gain is important and should be considered when examining HDP. 21 A standardized guideline for maternal weight gain based on pre-pregnancy weight could clarify and strengthen previous findings, but few studies examining gestational weight gain and HDP have incorporated the 2009 IOM guidelines. 13, 19 Another issue of interest is the role race plays in the relationship between pre-pregnancy BMI, gestational weight gain (GWG), and HDP. Racial disparities in obesity rates in the United States may partially account for differences in maternal and infant health outcomes, but few studies have taken the interaction between BMI and GWG into consideration when examining HDP. [22] [23] [24] [25] A review of the literature by Headen et al. reported racial differences in GWG and weight retention postpartum. 23 While non-Hispanic (NH) White women tended to gain excessive weight during pregnancy, NH-Black women retained more postpartum weight. Understanding pregnancy complications in minorities may not only improve birth outcomes in the population, but reducing these complications could effectively improve the overall efficiency of maternal care in the United States. 24 The current study examines the interrelationship between pre-pregnancy BMI, GWG, race/ethnicity, and their association with HDP. Discerning this relationship in light of the IOM guideline may be central to educate women effectively about maintaining healthy weight during pregnancy. Additionally, it will help providers understand the risk and effectively counsel their patient about healthy weight gain during pregnancy.
METHODS
The 2004-2011 national Pregnancy Risk Assessment Monitoring System (PRAMS) data were analyzed. The data were collected by the Centers for Disease Control and Prevention (CDC) and state health departments. PRAMS data reflect maternal behaviors and characteristics before, during, and shortly after pregnancies. 26 Each state samples approximately 1,300-3,400 women who have delivered a live birth each year. Women are contacted by mail and/ or telephone to participate 2-4 months after giving birth. 27 Responses to the PRAMS survey are also linked to the birth certificate data. States that met or exceeded the response rate thresholds (70% in 2006 and earlier; 65% in 2007 and later) were included in the national PRAMS dataset. 26 PRAMS design and methods are described elsewhere. 27 Phase 5 (2004) (2005) (2006) (2007) (2008) and Phase 6 (2009 Phase 6 ( -2011 ) PRAMS data were combined for a total of 319,689 respondents. After restricting the sample to women with singleton live births and those who answered questions regarding prepregnancy BMI, HDP, GWG, and race/ethnicity, 270,131 women remained in the dataset for analysis. The exposure of interest, GWG, was informed by the IOM 2009 weight gain guidelines and categorized as no weight gain/loss in weight, ≤11 lbs, 12-14 lbs, 15-25 lbs, 26-35 lbs, and ≥36 lbs. 11, 21, 23 The outcome variable, HDP was defined using a survey item that asked, "Did you have any of these problems during your most recent pregnancy…High blood pressure, hypertension (including pregnancy-induced hypertension, preeclampsia, or toxemia." Responses were dichotomized as "HDP" and "No HDP." Pre-pregnancy BMI was calculated using self-reported weight and height. Respondents were asked the following questions: "Just before you got pregnant with your new baby, how much did you weigh?" and, "How tall are you without shoes?" BMI was calculated and grouped as underweight (<18.5 kg/m 2 ), normal (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obese (≥30.0 kg/m 2 ). Race/ethnicity was categorized as NH-White, NH-Black, Hispanic, and NH-other. Asian women comprised over 61% of the NH-other category.
Potential confounders were grouped into 3 distinct categories of socio-demographic, behavioral risk factors, and biologic risk factors. 5, 10, 15, 18 Socio-demographic variables included maternal age (≤ 9, 20-24, 25-29, 30-34, ≥35); marital status (married, other); maternal education (did not finish high school, high school diploma (GED equivalent), college or higher); health insurance (private, Medicare, no coverage, and multiple sources/other); and income (≤$20,000, $20,000-$34,999, $35,000-$49,999, ≥$50,000). Behavioral risk factors consisted of smoking in the last 3 months of pregnancy (yes, no); alcohol consumption in the last 3 months of pregnancy (yes, no); multivitamin use (did not take multivitamins, 1-3 times per week, 4-6 times per week, every day); and number of stressful life events within 12 months prior to delivery (0, 1, 2, 3, or more). Other risk factors including a history of diabetes (yes, no); parity (primapara, multipara); and urinary tract or kidney infections during their most recent pregnancy (yes, no) were examined.
Descriptive statistics, including means and SE for continuous variables, and percentages for categorical variables were used to assess the distribution of study population. Crude odds ratios (COR) and 95% confidence intervals (CI) were calculated to examine the association between the different population characteristics and HDP. Survey logistic regression was used to obtain COR and 95% CI's accounting for the complex sampling design. Multiple logistic regression provided fully adjusted estimates controlling for sociodemographic, biologic, and behavioral risk factors. Data were stratified by race/ethnicity (NH-White, NH-Black, Hispanic, and NH-other) and pre-pregnancy BMI (underweight, normal, overweight, obese) and estimates were generated for each stratum. Reference groups for GWG within each stratum of pre-pregnancy BMI were informed by IOM guidelines. 11 All statistical analyses were conducted using SAS 9.4 statistical software, SAS Institute, Cary, NC. The study was approved as exempt by the Institutional Review Board at Virginia Commonwealth University.
RESULTS
The majority of women in this study were younger than 30 years, NH-White, married, educated with at least a college degree, and reported a household income of $35,000 or more (Table 1) . Approximately 1 in 100 women (12.2%) were diagnosed with HDP. The average GWG in the study sample was 30.5 lbs (SE = 0.04). Among the study population, 24% of women were overweight and 20% were obese. The unadjusted analysis showed a statistically significant association between pre-pregnancy BMI and age, race/ethnicity, marital status, education, income, insurance, stress, smoking, alcohol consumption, multivitamin intake, diabetes, weight gain, and parity. The prevalence of HDP was greatest among NH-Black women, those who were not married, women on Medicaid or multiple forms of insurance for prenatal care, and women younger than 20 years of age (see Table 2 ). There were statistically significant associations between HDP and age, race, marital status, education, income, health insurance, stressors, smoking, alcohol use, multivitamin use, diabetes, and weight gain. Compared to NH-White women, the odds of HDP in NH-Black women were 31% higher. In contrast, Hispanic and NH-other women were less likely to have HDP than NH-White women (COR = 0.69, 95% CI = 0.65-0.74; COR = 0.69, 95% CI = 0.64-0.74, respectively). Compared to normal weight women, those who were overweight were 1.78 times as likely to have HDP (COR = 1.78, 95%CI = 1.69-1.86). Obese women were 3.24 times as likely to have HDP compared to women with a normal BMI (COR = 3.24, 95% CI = 3.10-3.40). Compared to women who were normal weight, underweight women were less likely to have HDP. Table 3 shows the COR for both continuous and categorical GWG. For every 5 pounds gained, there was a statistically significant increased odds of HDP across all strata. These trends remained significant after adjusting for sociodemographic, behavioral, and biologic risk factors (Table 4) . Among underweight NH-White women, per 5 lbs increase in GWG there was an 8% increased odds of HDP (Table 4) . However, the association was not significant for any other underweight racial or ethnic group.
Among normal weight women, the continuous analysis showed increased odds of HDP with increasing GWG. There was an 11%, 6%, 10%, and 12% increased odds of HDP per 5 lbs increase in GWG among NH-White, NH-Black, Hispanic, and NH-Other women, respectively. Similarly, the categorical analysis showed increased odds of HDP among all ethnic and racial group gaining ≥36 lbs. Compared to women gaining 26-35 lbs, women who gained ≥36 lbs had 59%, 50%, 79%, and 68% higher odds of HDP among NH-White, NH-Black, Hispanic, and NH-other women, respectively. Additionally, gaining ≤11 lbs was significantly associated with increased odds of HDP in NH-White and Hispanic women. NH-White and Hispanic women who gained ≤11 lbs had a 46% and 66% higher odds of HDP compared to White and Hispanic women who gained 26-35 lbs. Among overweight women, per 5 lbs increase in GWG, there was a 9%, 5%, 9%, and 8% increased odds of HDP among NH-White, NH-Black, Hispanic and NH-other women, respectively. The categorical analysis showed a significantly higher odds of HDP among women who gained ≥36 lbs. The odds of HDP was 58%, 42%, 54%, and 90% higher among NH-White, NH-Black, Hispanic, and NH-other women compared to women of the same racial/ethnic origin who gained 15-25 lbs.
Among obese women, the odds of HDP increased with increasing GWG. Per 5 lbs increase in GWG, there was a 5% increased odds of HDP in NH-White and NH-Black women. The odds of HDP was slightly higher among Hispanic women (7% higher odds of HDP). The categorical analysis showed increased odds of HDP in women gaining more than 26 lbs among NH-White and Hispanic women. Whereas, a statistically significant increased odds of HDP Abbreviations: GWG, gestational weight gain; BMI, body mass index; lbs, pounds; 95% CI, 95% confidence interval. *P < 0.05; **P < 0.01.
among NH-Blacks was only observed among those who gained 36 lbs or more. Compared to NH-White women who gained ≤11 lbs, NH-White women who gained 26-35 lbs had a 29% increased odds of HDP and those who gained ≥36 lbs had a 59% higher odds of HDP. Compared to Hispanic women gaining ≤11 lbs, those gaining 26-35 lbs and ≥36 lbs had 64% and 120% increased odds of HDP, respectively. In NH-Blacks, the odds of HDP among those who gained ≥36 lbs was 34% higher compared to those who gained ≤11 lbs.
DISCUSSION
This study evaluated the IOM recommended GWG on HDP and examined the association by race/ethnicity. Among normal and overweight women, gaining 36 lbs or more was a significant risk for HDP for women of all race/ethnicity. For obese NH-White and Hispanic women, the likelihood for HDP was highest among those who gained over 25 lbs. On the other hand, the risk for obese NH-Black is attenuated and is significant among those who only gained greater than 35 lbs. Abbreviations: GWG, gestational weight gain; BMI, body mass index; lbs, pounds; 95% CI, 95% confidence interval. *P < 0.05; **P < 0.01; all estimates control for socio-demographic (age, marital status, education, income, health insurance), behavioral (stress, smoking, alcohol, multivitamin use), and biological risk factors (diabetes, parity, UTI, or kidney infection).
Among the studies that have focused on the relationship between pre-pregnancy BMI and HDP, few have examined the interaction of GWG and race/ethnicity. Nonetheless, the significant association between pre-pregnancy BMI and HDP observed in this study was supported by previous studies. [13] [14] [15] [16] [17] [18] A 2005 study examining the relationship between preeclampsia and BMI, employing BMI as a continuous variable, reported a strong association. The study reported the risk of preeclampsia doubled at a BMI of 25 kg/m 2 and almost tripled at 30 kg/m 2 . 18 Similarly, several studies have observed a relationship between GWG and HDP. [13] [14] [15] [16] Wells et al. reported a dose-response relationship between GWG and high blood pressure during pregnancy in a Colorado subset of PRAMS from 2000 to 2002 15 , which was further supported by other studies. 13, 14, 16 To the knowledge of the authors, no other study had examined the interrelationship between pre-pregnancy BMI, GWG, and HDP by race/ethnicity. However, a study by O'Dwyer et al. had examined the relationship in White women and reported an association between BMI and preeclampsia. 19 The study reported no association between GWG and preeclampsia after controlling for BMI. Unlike our study that examined BMI as a potential effect modifier, the study by O'Dwyer examined BMI as a potential confounder, which could explain the contrasting findings. Additionally, findings were only generalizable to White European women and were limited by a small sample size.
Although the biological mechanisms surrounding HDP are not fully understood, the association between obesity and the increased risk of hypertensive diseases such as preeclampsia is well established. Adiposity was postulated to result in the production of more C-reactive protein and inflammatory cytokines as well as contributing to increased levels of oxidative stress. 28 This may explain the association between excess storage of body fat and the onset of pregnancy-related diseases like preeclampsia that may be mediated by these physiological changes. This mechanism may also explain the observed risk among women who exhibited excessive GWG in this study. The current study showed higher odds of HDP with increasing GWG and among women gaining excessive weight (≥36), regardless of women's race/ethnicity. The differences in the effect size between racial/ethnic groups may be due to sample size variation and may not have significant clinical implication. Consistent to our study, 1 study found that excessive GWG was most prevalent among White women (52.6%). 29 The use of a nationally recognized and representative data is the main strength of this study. PRAMS is the wellestablished data that provide a better understanding of risk and protective factors during pregnancy and postpartum. 1 To the authors' knowledge, this is the first study to use a representative US sample to examine the relationships between pre-pregnancy BMI, GWG, race/ethnicity, and HDP. Additionally, the use of the IOM's 2009 GWG guideline to inform the evaluation of GWG provides practical relevance to practitioners. Several studies have used the IOM guidelines to direct their work and the current study adds to the growing body of literature. 13, 19, 30 Despite its strengths, this study has several limitations. First, women participating in PRAMS self-reported pre-pregnancy BMI and HDP diagnosis. However, prior studies have shown that self-reported weight and height were valid and accurate in epidemiological studies. 31, 32 HDP is predominantly taken from birth certificate records (which was abstracted from medical records); however, a small percentage of responses were self-reported if birth records were incomplete. 33 Nevertheless, there is the possibility of misclassification due to self-reported HDP. Second, HDP captures several related, but different disorders of pregnancy. With adequate sample, future studies could examine each disorder independently to accurately understand the influence of pre-pregnancy BMI and GWG, or consider the impact of weight gain or obesity on adverse health outcomes. It is important to note that the impact of GWG in women who develop preeclampsia may be due to fluid retention associated with preeclampsia as it is to fat accrual. 28 It is also possible that the odds of HDP had a skewed correlation with pregnancy weight gain due to flawed data. Lastly, due to stratification by both race and GWG, it is possible that there may be a correlation due to multiple testing that may have resulted in type I error. However, Bonferroni correction was not possible because of the small sample size for some of the cells. The stratification into several groups resulted in a small sample size, especially the underweight group and NH-other races and Hispanic women. Asian women consisted of 61.8% of NH-other women; however, they were combined to avoid sample size issues for the stratified analyses. The lack of significance in these groups may be due to the small sample sizes. To maximize the sample size, the study analyzed a sample that spanned 2004-2011 and comprised of 270,131 women and provided reasonable estimates.
In summary, this study reported a strong association between pre-pregnancy BMI, GWG, and HDP. Stratification by both GWG and race/ethnicity highlighted that obese and overweight women were at a greater risk of HDP regardless of their race/ethnicity. Specifically, the effect was accentuated among women who exceeded the IOM weight gain recommendations. Regardless of race/ethnicity, health care providers should consider the interrelationship between prepregnancy BMI and GWG when counseling patients regarding HDP. Future studies are needed to examine the impact of adhering to the IOM guideline or reduced weight gain on HDP.
